The need to find suitable alternative to fossil fuel necessitated the search for non-food oil crops like physic nut (Jatropha curcas L.). Improvement of the crop requires adequate knowledge of extent of genetic variability present. Therefore, a study was carried out to determine genetic variability and character association among forty local and exotic accessions of physic nut. The accessions were evaluated in two years in randomized complete block design with three replications. Results indicated highly significant variation among the accessions for all characters studied except plant height and number of seeds per fruit. High estimates of heritability were observed in number of leaves (84.10%) and seed oil (94.97%) while heritability was low in number of seeds (11.30%) and plant height (13.36%), other characters had moderate heritability. High heritability estimates were accompanied by relatively low genetic advance in all the traits except kernel oil, an indication that the character has high selection value with less environmental influence. Odiyi and Alegbeleye; JEAI, 38(3): 1-11, 2019; Article no.JEAI.49522 2 Correlation analysis showed that tall plants produced bigger seeds because of the positive association between plant height and seed weight. Therefore, seed weight can be used as selection index.
INTRODUCTION
The global demand for energy is ever increasing [1] . Fossil fuels have been the major energy source in the world over time. However, the environment is currently challenged by the continuous use of fossil fuels as it causes serious environmental problems such as air pollution, global warming, and environmental degradation amongst others [2] . In recent times, attention has been shifted to the use of biofuel which has less environmental problems. However, majority of crops used in biofuel production are food crops [3] . This can greatly impact on food production negatively, arising from competition with food supply and can lead to food shortage especially in the developing countries. Thus, there is need to focus on non-edible oil plants to serve as feedstock for biofuel. Jatropha curcas is one of many of these promising non-edible oil plants under consideration.
J. curcas, also known as the physic nut, is a shrub which can grow up to 5-7 meters [4, 5] . It originates from Mexico or Central America, and was introduced to Africa by the Portuguese sailors in the 16th century [1, 6] . The physic nut is one of the leading non-edible oil plants [7] that produces a substantial quantity of oil from its seeds. The oil content has been reported to range between 25 and 50% [8, 9, 10] . The use of J. curcas oils has increased in importance and has, in some cases, replaced the use of fossil fuels. Apart from the prominence gained in oil production, J. curcas is important in carbon sequestration [10] . Nahar and Sunny [11] showed that a mature plant absorbs CO 2 at a rate of 18lbs per year, while Becker et al. [12] in their study spanning over a 20-year period revealed that one hectare of J. curcas could sequestrate up to 25 tons of CO 2 from the atmosphere every year.
An important plant like J. curcas needs genetic improvement in order to alter its status from wild to a cultivable crop with higher yield and oil content. One of the major constraints in achieving genetic improvement is absence of information about genetic variability. Genetic variability is a pre-requisite for improvement of any crop because variability precedes for selection. According to Jubera [13] without the presence of sufficient genetic variability of the desired traits that are of economic interest, an attempt to improve this crop will be unsuccessful or a failure.
Currently in Nigeria crop improvement work in this plant is very limited. To fully exploit this multiple utility biofuel crop, research work is required to select the best genotypes for oil content and quality. The genetic diversity in the natural population appears narrow since no remarkable genetic variability has been observed [14] . Therefore, in commencing any crop improvement programme, there is need to determine the amount, cause and nature of variation that is present in the species of interest. In view of the foregoing, the main objective of this study is to evaluate the magnitude of genetic diversity, heritability and correlation between yield and its contributing characters in thirty two accessions of J. curcas from six states in Nigeria and one exotic genotype from Brazil. Number of branches; the total number of branches per plant was counted.
MATERIALS AND METHODS
Number of leaves; the total number of leaves per plant was counted.
Leaf length (cm); measured from base of the leaf to the tip of the leaf. The mean length of matured leaves (20 leaves/plant) was recorded.
Petiole length (cm); measured from point of attachment at the stem to the base of leaf. The mean length of matured leaves (20 leaves/plant) was recorded.
Number of seeds; the total number of seeds harvested per plant throughout the fruiting period (2-3 months) was counted.
Seed weight (g); 100 seeds per plant were weighed using electronic balance.
Percentage oil content; percentage seed, kernel and shell oil was estimated using a Soxhlet extraction method as described by Akbar et al. (2009) [15] . The data obtained were subjected to analysis of variance using PROC GLM of SAS [16] . Genotypic and phenotypic coefficients of variation were computed according to the procedure of Singh and Chaudhary [17] as follows: Analysis of covariance was carried out on pairs of variables which exhibited significance (P ≤ 0.05) in the regression analysis. The generated components of the covariance were used to estimate the phenotypic and genotypic correlation coefficients as suggested by Singh and Chaudhary [17] :
where:
( 1, 2) = Genetic covariance among traits X 1 and X 2 .
( 1, 2) = Phenotypic covariance among traits X 1 and X 2 .
( ) and ( ) ) = Genetic variance for traits X 1 and X 2 , respectively.
( ) and ( ) = Phenotypic variance for traits X 1 and X 2 , respectively.
Test of significance of correlation was done by comparing the computed values against tabular 'r' values given by Fisher and Yates [21] .
RESULTS
The mean squares from the analysis of variance for the eleven plant characters that were investigated are shown in Table 2 . Mean square for replicate was significant in most characters tested including number of branches, plant height, stem girth, number of seed and seed oil. Highly significant differences for genotype were observed in all the characters except plant height and number of seeds. The means, standard deviation and ranges of eleven characters among the forty genotypes of J. curcas are presented in Table 3 . Plant height ranged from 110 cm to 279 cm with an overall mean value of 180.29 cm. Wide variation was observed for number of leaves, number of branches and number of seed as they varied from 82 to 632, 3 to 45 and 2 to 513 respectively. Moderate variation was observed in stem girth, percentage kernel oil and percentage seed oil. Low variation was recorded for leaf length and seed weight as they ranged from 12 cm to 18 cm and 62.08 grams to 79.38 grams respectively. respectively. Number of leaves, leaf length, kernel oil and seed oil had low genotypic and phenotypic coefficients of variation. Low genotypic coefficient of variation were observed for petiole length, plant height and stem girth. Phenotypic coefficients of variation for these characters were moderate. Phenotypic coefficient of variation was higher than genotypic coefficient of variation in all the characters evaluated. High estimates of heritability were observed in number of leaves and seed oil, while heritability was low in number of seeds (11.30%) and plant height (13.36%). Other characters had a moderate heritability. Genetic advance and expected genetic gain were observed to be low for all the characters studied.
The phenotypic (r p ) and genotypic (r g ) correlation coefficients among the eleven characters in the forty J. curcas genotypes are presented in Table  5 . Number of branches showed significant and positive phenotypic and genotypic correlations with stem girth, number of seeds and leaf length, respectively but correlated significantly and positively with plant height only at the genotypic level, and with kernel oil at the phenotypic level only. Petiole length had significant and positive r p and r g with plant height, stem girth and leaf length respectively but also with shell oil only at the genotypic level. However, it had significant negative correlation at phenotypic level with number of seeds. Number of leaves had significant and positive r g with number of seeds but significant and negative r g with seed weight. At genotypic level, plant height showed significant positive correlation with number of seeds and seed weight, but correlated significantly and negatively with leaf length. At the phenotypic level, plant height correlated significantly and positively with stem girth. Stem girth on the other hand, had significant positive r p and r g with leaf length, and also showed significant positive r g with seed weight, but negative with number of seeds. Leaf length showed significant and negative r g with kernel oil. Kernel oil had significant and positive genotypic correlations with shell oil, seed oil and seed weight, and significant positive phenotypic correlations with shell oil, seed oil only. Shell oil also showed a significant and positive r p and r g with seed oil and r g with seed weight. Seed oil showed significant positive r g with seed weight.
DISCUSSION
Crop improvement is achieved when there is significant genetic variability among genotypes for the desired traits. The observed differences among the genotypes evaluated in this study differed in yield characters tend to suggest that breeding work can be initiated through selection or hybridization. The high level of variability among the genotypes suggests that heterosis could be utilized to produce superior hybrids which can further be used in breeding programme to develop superior genotypes [22] . Development of such genotypes requires that overall variability should be partitioned into heritable and non-heritable components with the aid of genetic parameters such as genotypic and phenotypic coefficients of variation and heritability [23] . In this study, phenotypic variance was greater than genotypic variance in all the characters for yield parameters. Similar findings were reported in okra [22] , in cucumber [24] and in the fluted pumpkin [25] . The high genotypic and phenotypic coefficients of variation observed in number of seeds and seed weight suggests that greater potential might be expected in selection for these characters.The observed high heritability values in number of leaves and seed oil content indicate that the characters were under genetic control and are less influenced by the environment. According to Ojo and Amanze [26] , high heritability in a trait strongly suggests that there is potential for large genetic determination for that character. This can be said of number of leaves and seed oil content, which can be exploited for improvement of oil yield in this crop.
Since high heritability does not always indicate a high genetic gain, heritability with genetic advance considered together should be used in predicting the ultimate effect of selecting superior genotypes [27, 28] . In this study, high heritability estimates were accompanied by relatively low genetic advance in all the traits except kernel oil, an indication that the character has high selection value with less environmental influence. Therefore, improvement by direct phenotypic selection is possible. Whenever a high heritability value is accompanied by high genetic advance, it may be governed by additive gene action and improvement with respect to these characters could be brought about by phenotypic selection [29, 25] . Moderate heritability with low genetic advance was observed for some characters in this study. They include petiole length, stem girth, kernel oil, shell oil and seed weight. This indicates the existence of intermediate additive and non-additive gene action. Consequently improvement of these characters can be achieved through careful selection. The low heritability and low genetic advance recorded for plant height and number of seeds suggest that these characters governed by non-additive gene action [30] . The correlation coefficients among characters were determined at the phenotypic and genotypic levels. In general, most genotypic correlation coefficients were higher in magnitude than phenotypic correlation coefficients. This can be interpreted as a strong inherent genotypic relationship between characters studied, though their phenotypic expression was influenced by environmental influence. Direct selection for improving some of these traits may not be possible since variation among the genotypes is attributed largely to the environment.
Significant and positive correlation between two characters suggests that these characters can be improved simultaneously in a selection programme [28, 25] . This is because it shows mutual relationships among characters and selection for one will translate to selection of the other [25] . For the improvement of oil yield in this crop, it was necessary to determine the magnitude and the direction of relationship between the oil yield and its components. Studies on the character associations showed that tall plants might produce bigger seeds because of the positive association between plant height and seed weight. The leaves of tall plants can easily intercept more light than short plants. High light interception will lead to greater accumulation of photosynthate. Accumulation of photosynthate in leaves has been reported to increase seed weight of okra [23] . The reduction in oil yield caused by big branches and broad leaves could be attributed to diversion of photosyntate for seed yield to vegetative growth (branch and leaf). This is in agreement with the findings of Patil et al. [31] . Therefore, pruning should be carried out on this crop to ensure good yield. Seed weight was observed to have significant genotypic relationship with seed oil and shell oil also. An increase in weight may therefore lead to an increase in the latter two traits. As such, seed weight may be used as selection index. Prasanthi et al. [32] reported that the weight of seed per plant and numbers of seeds per plant were important selection indices. This evaluation may be useful in developing reliable selection indices for important agronomic traits in J. curcas. It is recommended that future research explore molecular means to further confirm the outcome of this research and establish the relationship between the two methods.
CONCLUSION
High GCV and PCV observed in number of seeds per plant and seed weight indicates greater potential for the improvement of the mentioned characters in J.curcas. Also in this study, high heritability was observed for number of leaves and seed oil yield among other characters investigated. These traits may be improved by direct selection. In addition, seed weight had positive and significant correlated with seed oil, kernel oil and shell oil. Consequently, improvement of seed weight will result in improved oil yield. Therefore these characters can be selected as traits of interest in the development of an improvement programme for the crop.
